Aim: This study aims to establish a convenient and practical predelivery scoring system for trial of labor after cesarean section (TOLAC). Methods: The data of 498 patients undergoing TOLAC were retrospectively studied. Indices with statistically significant differences, including cervical score, fetal weight, fetal pelvic index, body mass index and age, were selected. Combined with the presence of vaginal delivery history and indications of the previous cesarean section in these patients, three prenatal forecast scales for vaginal birth after cesarean (VBAC) were established. The receiver operating characteristic curve was drawn, and the best cut-off point was determined. Then, the areas under the curve of the three forecasting methods were compared. The scoring method with the largest area under the curve was considered the best method. Results: The six indications of cesarean section used for the forecasting scale were as follows: cervical score, fetal weight, body mass index, age, presence of vaginal delivery history and the presence of previous obstructive dystocia. The scale that had the largest area under the curve was considered the best forecasting scale. Conclusion: The prenatal forecasting method for TOLAC was preliminarily investigated. It was determined that the scale with six indicators, such as the cervical score, could be used for the prenatal evaluation of TOLAC, providing a predictive basis for the possible success of the trial production for pregnant women. The method and process of VBAC section in our hospital was safe and effective.
Introduction
According to the 2012 World Health Organization (WHO) report, the rate of cesarean sections in China has risen sharply in the past 20 years, and the cesarean section rate in some large-and medium-sized cities has exceeded 50%. 1 Therefore, more and more doctors and mothers in China are faced with the problem of how to choose the mode of redelivery after cesarean section. The United States and other countries have carried out a great deal of studies on vaginal birth after cesarean section (VBAC), [2] [3] [4] and studies on its prediction have also been carried out. [5] [6] [7] [8] [9] [10] However, no such study has been reported in China. In 2015, the Chinese government implemented its second child policy, and Chinese women have been approved to give birth to a second child. Women who have previously undergone cesarean section have the opportunity to have children again and, accordingly, face the problem of choosing the method of delivery. Therefore, studies on VBAC were carried out in China, which is a new requirement based on China's national conditions. The United States and other countries have accumulated research experience in VBAC in the 1980s. Therefore, English literature published in this field for the last 3 years are less. Trial of labor after cesarean section (TOLAC) was initiated in our hospital in February 2014. Pregnant women mainly presented from the Guangdong Province in the south of China. As of May 2017, during the period (From Feb. 1, 2014 to May 30, 2017), 1846 women had a second pregnancy after a cesarean section. A total of 923 women had conditions for trial production; of these women, 498 were willing to undergo trial production, and 425 women refused. The reasons for refusing trial production included: (i) age > 35 years old; (ii) lack of confidence; (iii) disagreement from the family members; and (iv) had obstetric complications or internal medical or surgical complications but not the contraindication of vaginal delivery. A total of 498 pregnant women underwent TOLAC. Of them, 382 women successfully underwent vaginal delivery, and 116 women failed and turned to cesarean section. In the present study, these cases were retrospectively analyzed. Indices with statistically significant differences, including cervical score, fetal weight, fetal pelvic index, body mass index and age, were selected for analysis. Combined with the presence of vaginal delivery history and the indications of previous cesarean section in these patients, three prenatal forecast scales for VBAC were established. The related factors of each parturient were scored using different scoring scales. The receiver operating characteristic (ROC) curve was drawn, and the best cut-off point was determined. The three forecasting methods were compared, and the best forecasting method was chosen for predelivery evaluation in order to improve the prenatal predictive evaluation level of TOLAC and encourage suitable scar uterus patients to try vaginal trial production in their second childbirth, accordingly reducing the rate of cesarean sections.
Data and Methods

General information
Inclusion criteria for pregnant women undergoing trial production were: women who were willing to undergo the trial production, women with a history of lower uterine segment cesarean section, women with normal external pelvimetry results, women with singleton head presentation, women without serious pregnancy complications or comorbidities and women without contraindication of vaginal delivery due to serious medical and surgical comorbidities. Exclusion criteria were: women with scar uterus in which the incision was not a traverse incision in the lower uterine segment (including women with inverted T or J incision, incision caused by rupture of the uterus, penetrating uterine fibroids excavation and previous cesarean section in which the location of the incision was unknown); women with a history of two or more cesarean sections; women with placenta previa; women whose present pregnancy was less than 18 months from the previous cesarean section; and pregnant woman lacking myometrial tissue in the lower uterine segment. The thickness of the lower myometrium was measured, and the result was ≥1.0 mm. Pregnant women and their families who met the requirements of the trial production and desired to have a vaginal delivery were adequately informed of the disease and risk of trial production and signed the consent form for vaginal trial production. From February 2014 to May 2017, 498 pregnant women with scar uterus underwent vaginal trial production in our hospital.
Methods
During the first prenatal examination, data on past birth history, indications and mode and healing of the previous cesarean section of the pregnant women were obtained. At gestational week ≥ 36, ultrasonography was performed to determine whether a myometrium was present at the scar in the lower part of the uterus, and the thickness of the lower myometrium was measured. (i) Monitoring and management of women with scar uterus during pregnancy: The cervical score and fetal-pelvic index of women who underwent spontaneous labor before gestational week 40 were evaluated, 11 and fetal weight was estimated. Pregnant women who had a giant fetus or cephalopelvic disproportion should not undergo trial production. After entering the active phase, fetal heart monitoring and blood preparation were performed. Labor contractions, fetal heart, abdominal pain and vaginal bleeding were closely observed. When fetal retraction, hematuria, pubic symphysis tenderness, shock, fetal bradycardia and vaginal bleeding occurs, the possibility of uterine rupture should be considered, where emergency cesarean section is required. If arrested labor occurs, cephalopelvic disproportion should be excluded. Intravenous administration of oxytocin should be given in small doses to women with poor labor contractions. If no effect is achieved after 2 h of treatment, a timely cesarean section should be performed. After entering the active phase, an experienced midwife and a senior obstetrician should be present. The rupture of the uterus should be avoided as much as possible. An operating instrument set should be prepared in the delivery room, allowing the cesarean section to be performed at any time. For women who had induced labor indications before gestational week 40 and women who did not undergo spontaneous labor at gestational weeks 40-41, induced labor should be performed. After giant fetus and cephalopelvic disproportion were excluded (when the fetal weight is larger than 4000 g estimated by B ultrasound, it is identified as fetal macrosomia; when the fetal-pelvic index is ≤7 points, it is determined to be cephalopelvic disproportion) for women with cervical immaturity (The cervical score is ≤7 points), small water sacs could be placed in the cervix (30 mL saline could also be injected into the balloon with a disposable catheter), which was removed after 12 h (for pregnant women whose opening of the cervix was 2 cm larger within 12 h, the sac should be removed immediately). Pregnant women who failed to induce regular contractions could be given small doses of oxytocin to induce labor, and women with a mature cervix (cervical score was >7 points) were given intravenous infusion of small doses of oxytocin to induce labor. (ii) Postpartum management of women with scar uterus: Vital signs were monitored; hemoglobin and hematocrit were detected at 2 h post-partum to determine whether there was active bleeding, and uterine rupture was indirectly diagnosed.
Observation indices
These indices included the age, previous history of vaginal delivery, prenatal weight index, fetal-pelvic index, cervical score, body weight of newborns, postpartum bleeding volume (in women undergoing spontaneous labor, intrapartum bleeding volume was analyzed, while in women undergoing cesarean section, intraoperative bleeding volume was analyzed), operation condition of cesarean section and number of neonatal asphyxia of these pregnant women. The above indices of the successful trial production (vaginal delivery group) and failed trial production (cesarean section group) were compared (Table 1) . Then, indices with statistically significant differences were determined as follows: cervical score, fetal weight, fetalpelvic index, body mass index and age, combined with the presence of vaginal delivery history and indications of previous obstructive parodynia cesarean section in these patients. These indices were scored according to predesigned scoring scales (Tables 2-4) .
Statistical analysis
Data were analyzed using statistical software SPSS19.0. The first step was to compare the above indices between the vaginal delivery group and cesarean section group. P < 0.05 was considered statistically significant. The second step was to compare the area under the ROC curve (AUC), 95% CI, the best cut-off point and sensitivity and specificity of the above three scoring methods.
Results
The 498 women who underwent TOLAC were divided into two groups: women who failed in the trial production and turned to cesarean section were assigned to the research group (n = 116), and the failure rate was 23.3%; women who succeeded in vaginal delivery were assigned to the control group (n = 382), and the success rate was 76.7%. Among these women, 12 women underwent vaginal delivery (8 women underwent low forceps, and 4 women underwent negative pressure delivery).
Analysis of observation indices between the vaginal delivery and cesarean section groups
Statistical results of the ROC curves for the three different scoring methods From the above results, it can be concluded that: the AUC of Method 1 was 0.886, and when its cut-off value was 5.5, its sensitivity and specificity was 0.809 and 0.879, respectively; the AUC of Method 2 was 0.762, and when its cut-off value was 5.5, its sensitivity and specificity was 0.741 and 0.716, respectively; and the AUC of Method 3 was 0.683, and when its cut-off value was 4.5, its sensitivity and specificity was 0.963 and 0.440, respectively (Tables 1, 5 and Fig. 1 ).
Conclusion
The results of the present study indicated that the AUC of Method 1 was the largest, followed by the AUC of Method 2 and the AUC of Method 3, which was the smallest. In other words, Method 1 has the best forecasting effect, followed by Method 2; Method 3 has the worst forecasting effect.
Discussion
Factors that affect the success of the vaginal trial production of patients with uterine scars Foreign studies have reported that, although the success rate of TOLAC was more than 70%, 12, 13 when the trial production failed, the incidence of severe complications also significantly increased in mothers. Therefore, selecting suitable parturients for trial production is helpful in reducing complications. In 2004, Grinstead and Grobman published a study that involved 429 cases of maternal TOLAC in America, and the success rate of the trial production was 77.9%. This result indicated that differences in gestational age, maternal weight, the height and weight of the newborns, size of the opening of the cervix upon admission and the portion of fetal presentation upon admission in pregnant women between the successful trial group and failed trial group were statistically significant. 14 London MB and Leindeker S reported similar results. 15 In the present study, the success rate of TOLAC was 79.7%, which was close to those in related reports. However, metrorrhexis occurred in only one patient (0.2%) in the present study, which was lower than the rates in previous literatures. 12, 13 The data of the present study indicated the following: (i) the age of pregnant women who succeeded in TOLAC (29.6 AE 3.1 years old) was significantly lower than that of pregnant women who failed in TOLAC (31.4 AE 3.2 years old), suggesting that the success rate of vaginal trial production in uterine scar pregnant women aged <30 years old is higher; (ii) the prenatal body mass index of pregnant women who succeeded in TOLAC (25.9 AE 2.8 kg/m 2 ) was significantly lower than that of pregnant women who failed in TOLAC (27 AE 2.7 kg/m 2 ), suggesting that the success rate of vaginal trial production in uterine scar pregnant women with lower body weight is higher; (iii) the fetal-pelvic index of pregnant women who succeeded in TOLAC (8.3 AE 1.8) was significantly greater than that of pregnant women who failed in TOLAC (7.4 AE 1.4), suggesting that the success rate of vaginal trial production in uterine scar pregnant women with a higher fetal-pelvic index is higher; (iv) the body weight of newborns of pregnant women who succeeded in TOLAC (3102.10 AE 459.60 g) was significantly lower than that of pregnant women who failed in TOLAC (3359.10 AE 284.20 g), suggesting that the success rate of vaginal trial production in uterine scar pregnant women with newborns who had a lower body weight is higher; and (v) the cervical score of pregnant women who succeeded in TOLAC (6.8 AE 1.8) was significantly higher than that of pregnant women who failed in TOLAC (6.0 AE 2.4). Based on these findings, the success rate of vaginal trial production in uterine scar pregnant women with lower age and body mass index is higher. The reason may be related to good physical strength. Therefore, caution should be taken when recommending that elderly and obese uterine scar pregnant women undergo vaginal trial production. In addition, as fetal weight is a factor in the fetal-pelvic index, a relatively appropriate fetal weight is also a beneficial factor for trial production. Therefore, during pregnancy, the body weight of pregnant women should be strictly managed. Furthermore, controlling the fetal weight is also one of the effective measures used to improve the success rate of trial production. In the present study, the average age of the two groups of puerperants was lower than 35 years old, and the reason may be because few elderly puerperants were willing to undergo trial production. Furthermore, the average body mass index of these two groups of puerperants was less than 28. There reasons may be as follows: (i) few obese puerperants are willing to undergo trial production, and (ii) the nutrition guidance and weight management for all pregnant women in our hospital had certain effects.
Three forecasting methods of TOLAC and results analysis
In 2007, Grobman published a line graph based on seven indices (age, body mass index, whether or not the subject was an African American, whether or not the subject was Hispanic, history of vaginal delivery after cesarean section, previous history of vaginal delivery and recurrence of cesarean section indications), which was used in the forecasting for primiparous examination. 16 In the past 5 years, TOLAC has been carried out in China, and hospitals in China are constantly growing and accumulating experience. At present, no study on TOLAC has been reported, and no convenient and practical method for prenatal prediction for the Chinese race has been established. In the present study, the puerperants came from South China and were mainly Cantonese. Table 4 demonstrates that, in the present study, the indices that had statistically significant differences were as follows: cervical score, fetal weight, fetal-pelvic index, body mass index and age. Combined with a history of vaginal delivery and indications of previous cesarean section, these indices were scored according to the three predesigned scoring scales, and these three scoring methods were compared. The AUC of Method 1 was 0.886, and when its cut-off value was 5.5, its sensitivity and specificity was 0.809 and 0.879, respectively, suggesting that this method is the best among the three forecasting scales. Then, an in-depth analysis of these three scoring methods was performed, except for body mass index, age, fetal weight, history of vaginal delivery and indications of previous cesarean section. The main indices with significant differences were as follows: Method 1 adopted the cervical score, Method 2 adopted the fetal-pelvic index, and Method 3 adopted only the first five indices. The first five indicators are relatively objective indicators, while cervical score and fetal-pelvic index are relative subjective indicators related to the attending doctor. The cervical score is easier to be unified, which may be the reason for the better forecasting effect of Method 1. Pregnant women with good cervical conditions upon admission had higher cervical scores. These women may have entered the threatened labor or labor stage, which also results in the better forecasting effect of Method 1. However, the fetal-pelvic index involves the measurement of the pelvis and estimation of the fetal weight. Thus, different doctors may have different results, the scores of the fetal position and labor force can change in the same woman during labor, and there are many uncertain factors. Therefore, the forecasting effect of Method 2 was slightly poorer. Method 3 adopted only five indices: body mass index, age, fetal weight, history of vaginal delivery and indications of previous cesarean section. The score for fetal weight increased, but the effect of the scoring refinement was not good. Although the body weights of newborns of pregnant women who succeeded in TOLAC (3102.10 AE 459.60 g) were significantly lower than that of pregnant women who failed in TOLAC (3359.10 AE 284.20 g), in the process of trial production, fetal weight was not the only decisive factor; and the birth canal and labor force factors were indispensable.
Hence, a recommendation is made to use Method 1 for the forecasting score for TOLAC, and it is not recommended to use Method 3 for the forecasting score for TOLAC. The present study provides a basis for vaginal trial production in pregnant women with a history of cesarean section, and Method 1 was used for the prediction of TOLAC. The success rate of the trial production was close to that reported in studies abroad, and the risk of uterine rupture was lower than those reported in studies abroad. 17 These results indicated that the forecasting method, trial production method and process of TOLAC in our hospital were safe and feasible.
Because our study is a preliminary exploration of the prediction of TOLAC in the last 2 years, the related data should be improved and revised with the accumulation of cases. The pelvic condition of females in Southern China is different from that in Northern China. Therefore, these data should be enriched through multicenter studies. The AUC of Method 1 was 0.886, and the AUC of Method 2 was 0.762. It remains to be determined whether the AUC of these two methods will change with the increase in the number of cases and the difference in body size of Southern and Northern women and whether the predictive value will change accordingly.
